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Project Introduction

All rocket missions benefit from having lower structural mass and higher
specific impulse, both of which contribute to larger payload fractions and
therefore lower mission cost. High temperature materials such as ceramic
matrix composites (CMCs) are an avenue to lower engine mass because of the
low density and high specific strength of the material. They also have a high
maximum temperature and so contribute to high specific impulse by reducing
the thermal load that must be removed from the nozzle structure, keeping the
heat in the exhaust stream where it belongs. However, even the maximum
temperature of CMCs is not high enough for stoichiometric methane-oxygen or
hydrogen-oxygen flame conditions.

In this Phase I effort, PSI will develop a regenerative cooling architecture and
manufacturing method for a combined CMC/metal structure. The major
difficulties encountered so far in adding fuel cooling to CMC nozzles is that
CMCs are typically permeable and have low thermal conductivity. PSI will
address these challenges using cold-spray metallization and metal additive
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This technology is applicable to a range of nozzle sizes from the 1.2 klbf MSFC Project Management 2
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Anticipated Benefits
The proposed regeneratively cooled ceramic matrix composite combustion
chamber and nozzle technology would be immediately applicable to upper-
stage rocket engines and small in-space and powered descent engines. With
additional development, the same technology could be applied to large
nozzles, which would yield an even greater system benefit than small nozzles
due to their greater fraction of the total system mass for a large rocket.

Cooled ceramic matrix composites are applicable to combustors and hot
structure for flight vehicles. For hypersonic airplanes, the technology is
applicable to leading edges, combustor liners, and jet impingement surfaces.
It can be used with fuel as coolant as in the rocket engine case, or with
separate cooling loops including cryogenic, phase-change, or refrigerated. The
temperature capabilities of existing CMC parts can be increased, or lower-cost
CMCs could be substituted, enabled by cooling.
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Organizational

Responsibility

Responsible Mission
Directorate:

- ﬂ* Space Technology Mission

Directorate (STMD)

Lead Organization:

Physical Sciences, Inc.
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Project Management

Organizations Program Director:

Performing Work Role Type Location Jason L Kessler
P M 3
Physical Sciences, Inc Lead Industr Andover, e e
Y "7 Organization Y Massachusetts Carlos Torrez
Principal Investigator:
Concurren.t Supporting Fayetteville, Sean Torrez
Technologies L Industry ;
; Organization North Carolina
Corporation, Inc.
.Marshall Space Supporting NASA Huntsville, TeChnOIOgy Maturlty
Flight Center(MSFC) Organization ~ Center  Alabama (TRL)
Start: 1
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Technology Areas
Primary:

e TXO01 Propulsion Systems
- TX01.1 Chemical Space
Propulsion
- TX01.1.3 Cryogenic

Target Destinations
Earth, The Moon, Mars
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